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quantified. However, biomass-harvesting can be time-consuming if species have to be 1 0 0 weighed separately, as this requires sorting of individuals into different species by hand 1 0 1 (Harmony et al. 1997 , Lavorel et al. 2008 . In this regard, the use of visual estimation of 1 0 2 cover may be advantageous, as it allows for rapid assessment of portions of vegetation and is 1 0 3 also non-destructive. We, therefore, tested the utility of the visual estimation method in predicting biomass in 1 0 8 the context of forage availability for herbivores in general and for Asian elephants in a 1 0 9 tropical forest in southern India in particular. Elephants are considered generalist herbivores, 1 1 0 but primarily feed on grasses in the lower vegetation strata, in addition to stems and bark of 1 1 1 woody species in the upper strata (Owen-Smith 1988 , Sukumar 1990 , Baskaran et al. 2010 ).
context of forage availability for wildlife. Previously, studies have found strong correlations between visual estimates and biomass 1 3 8 (Hermy 1988 , Guo and Rundel 1997 , Chiarucci et al. 1999 , Henschel et al. 2005 , Axmanová foods has seldom been tested rigorously in a complex habitat (but see Noyce and Coy 1990 1 4 4 for bear foods), which is important before making inferences about the relationship between 1 4 5 resource distribution and forage selection. The questions we addressed in this paper were the following: 1. What is the relationship between visually-estimated total graminoid cover and total 1 4 8
The study was carried out in Nagarahole National Park (644 km 2 , 11.85°-12.26° N, 76.00°-1 7 0 76.28° E), which is a part of the larger contiguous Nilgiris-Eastern Ghats landscape in 1 7 1 southern India ( Figure 2 ). The forest is tropical deciduous, comprising several strata, and is 1 7 2 home to several herbivores, including Asian elephants, on which a long-term study based on 1 7 3 individually identified elephants is currently ongoing (see Vidya et al. 2014) . Along the 1 7 4 southern boundary of the park flows the river Kabini, on which a dam was constructed during 1 7 5 the 1970s to create a reservoir that extends along the southern boundary of the park. During 1 9 0 60 1-km line transects in randomly selected cells in order to map the distribution of elephant 1 9 1 food resources. During the present study, 23 of these transects in the southern and central 1 9 2 parts of the park and 17 additional transects, at least half a km away from each other and at 1 9 3 least 100 m away from forest roads, were chosen for sampling. Care was taken to adequately 1 9 4 represent all three forest types (based on their availability) in the sampling sites. Sampled Sampling was carried out in 20 m × 5 m plots at the start or end of each of the 40 1-km 2 0 0 transects. In each of these 20 m × 5 m plots, three 1 m × 1 m quadrats were sampled, Cyperaceae. Graminoid abundance was measured at two levels: total graminoid abundance 2 0 5 (all the graminoid species present) and species-level abundance. First, total graminoid cover 2 0 6 was visually estimated by a single observer (HG) as the percentage of quadrat area covered 2 0 7 by all graminoids (Figure 1 ). Second, species cover for each graminoid species was visually 2 0 8 estimated, independent of the cover of other species. Cover was estimated to the closest 5% 2 0 9 or in interval bin of 5% (for low values such as 0 to 5% cover), in which case, the middle 2 1 0 value of the interval was chosen as the cover value. Values of less than 5% were applied in 2 1 1 the case of rare species that were represented by only one or two individuals in the quadrat. Four individuals (except in the case of rare species, in which fewer than four individuals were 2 1 3 available) of each species were arbitrarily selected, their natural standing heights (i.e. without 2 1 4 straightening the plant) were measured, and the average of these was used as the height for 2 1 5 8 that species. The total graminoid (fresh) biomass was measured in the field using a digital 2 1 6 weighing balance (with 1 gram precision) after harvesting all the graminoids from the ground 2 1 7 level. Individuals were then hand-sorted into the respective species, and the biomass of each 2 1 8 species was measured. At the level of the graminoid community, two measures of visually-estimated overall 2 2 0 graminoid abundance were used: total graminoid cover as described above, and the sum of 2 2 1 species cover (the sum of individual graminoid species covers; the value might exceed 100% 2 2 2 since each species was assessed independently; see Figure 1 ). Total graminoid biomass was 2 2 3 normally distributed whereas individual species biomass data were non-normal and were, 2 2 4 therefore, log-transformed for the analyses. However, the analyses were also performed on 2 2 5 untransformed data to evaluate the robustness of the results. We first used homogeneity of 2 2 6 regression slopes test (Zar 1974) to inspect the effect of forest type (dry deciduous, moist 2 2 7 deciduous and teak forests) on the relationship between total graminoid biomass and overall 2 2 8 graminoid cover. Similar relationships between total biomass and overall cover in different 2 2 9 forest types would result in a homogeneity of slopes. We then performed multiple regressions 2 3 0 of biomass on both estimates of overall graminoid cover to assess the utility of both measures 2 3 1 in predicting total graminoid biomass. We also used the weighted average of graminoid Tsai 1989) was used for selection from the regression models including and excluding height. Although there was a homogeneity of slopes (see Results) and plots from all forest types 2 3 7 could be combined for further analyses, we used forest type as a factor to account for the off- chance that pooling the data would affect the results. In order to include the information on 2 3 9 forest type in multiple regressions, two dummy categorical variables were generated: (1) or not (0 representing dry deciduous forest when the previous categorical variable had 2 4 2 value 1). These two variables were included in all regression analyses of data from the forest forest type) of species cover on species biomass were carried out for 10 common species (the 2 4 5 other species were present in fewer than 10 plots) all of which happened to be elephant food 2 4 6 species. We also checked whether multiple regressions that included the individual species' Relationship between visually-estimated total graminoid cover and total graminoid biomass Based on the analysis of data from the 40 plots sampled in the three forest types, the mean 2 8 7 graminoid biomass was 0.204 kg (95% CI: 0.165 to 0.241 kg). We found no effect of forest 2 8 8 type on the relationship between total biomass and total cover, between total biomass and the 2 8 9 sum of species covers, or between total biomass and weighted average of species heights (see Table 1 ). The statistics for regressions tests of how well the graminoid biomass is explained 2 9 1 by cover and height are shown in Table 2 . We found that both total graminoid cover and the 1 1 Analyses of species-wise abundance at the plot level showed strong relationships between 3 0 9 biomass and visually-estimated species cover for all the common (which were present in 10 3 1 0 or more plots) graminoid species (R 2 =0.63 to 0.98; Table 3 ). Multiple regressions using 3 1 1 species average height as an additional predictor variable also yielded high R 2 values 3 1 2 (R 2 =0.69 to 0.98; Table 3 ), although average height had a significant effect in the regression 3 1 3 only in the case of Oplismenus compositus and Digitaria sp.2 at the plot level (Table 3) . With between the respective models were small, indicating that the models with and without coefficients were obtained from the regression models that used species cover (R 2 =0.68 to 3 2 0 0.90) and the regressions that used both species cover and height (R 2 =0.68 to 0.90), with values were smaller in the models that included height in these species but none of the 3 2 4 species showed large differences (>10) in AICc that would suggest an overwhelming 3 2 5 advantage to adding height in regression models (Table 4 ). #Table 4 approximately here. Based on data from 550 quadrats, the mean graminoid biomass was calculated to be 0.684 kg 3 5 0 (95% CI: 0.655-0.712 kg). Visual estimation of total graminoid cover, along with month and were significant (beta total graminoid cover = 0.51, beta month = 0.41), whereas zone did not have a with significant effects of total graminoid cover, height, and month, but not zone, on biomass 3 5 8 (beta total graminoid cover = 0.44, beta height = 0.30, beta month = 0.41). We found that visual assessment of cover, which allows for rapid sampling, performed very 3 6 2 well in assessing forage availability in forest and grassland habitat. Using this method, we regression slopes of graminoid biomass on three continuous predictors: 1) sum of species 5 8 8 covers, 2) total cover, and 3) weighted average of species heights. 
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